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ሙክ ንህ!” О 


The need and advantages, as well as difficulties, of 
going to millimeter waves (30-300 GHz) are recognized. Asa 
consequence, numerous transmission media have been developed 
in an effort to take advantage of present technology and 
overcome the drawbacks. The objectives of these new designs 
are low attenuation, single mode operation, containment of 
spurious emissions, ease of production, and compatibility 
with integrated circuit technology. One such design which 
appears very attractive is the Fin-Line transmission 
ο. Ἵσταρο [Εεῖς. 1. 2]. 

The Spectral Domain technique of analyzing Fin-Line 
structures is well established in the research community 
[Refs. 3-11]. A review of these references shows that 
EMO Lrculties lie in the viable choice of basis functions 
to represent the fields within the Fin-line structure. Two 
papers of prime importance in the establishment of the 
spectral domain technique for analyzing Fin-Line structures 
are by Knorr and Shayda in July 1980 [Ref. 4] and Peter- 
Schmidt and Itoh in September 1980 [Ref. 5J. Both addressed 
the proper choice of basis functions and accurately determined 
the Fin-Line guide wavelength and characteristic impedance. 
What is important is that their methods and approach have 


set the standard in Fin-Line analysis. 


1555 





The purpose of this thesis is to analyze the inductive 
discontinuity (strip)ina Fin-Line structure. This problem 
was first addressed in November 1981 by Knorr LRef. 7]. 
Therefore, this thesis is a direct extention of Knorr's work. 
The analysis was accomplished in three phases. First, an 
extended set of basis functions were chosen and the results 
presented in Reference 7 were reproduced. This was the 
evaluation of the resonant length of a single resonant cavity. 
Second, another set of basis functions was chosen and the 
odd and even resonant lengths of two unilaterally coupled 
Fin-Line cavities were evaluated. Third, with the odd and 
even mode resonant lengths obtained and treating the induc- 
tive discontinuity as a lossless two-port network, the 
S-parameters were evaluated in terms of the odd and even 
resonant lengths. The numerical results were then compared 
with the experimental results obtained by Miller [Ref. 12]. 
This thesis will discuss both the theoretical and numerical 


aspects of the analysis. 
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Il. SINGLE CAVITY RESONANT LENGTH AND EQUIVALENT 
REACTANCE OF A SHORTING SEPTUM 

The following is broken down into two parts: theory 
and numerical analysis and results. The theory covers the 
МЕ hoa of moments, Galerkin's method, Fin-Line structure and 
Far cered basis set, implementation of Galerkin's method, 
and definition of inner product and equivalent reactance. 
The numerical analysis and results cover the search method, 
functional singularities, limits of summation, convergence, 


and comparison with other numerical and experimental results. 


ШІ THEORY 

Harrington in Reference 13 provides a full and complete 
discussion of the computation of fields by the method of 
moments. Briefly, if L(f) = g represents an equation where 
L is a linear operator, g 1s a known function (or possibly 
unknown) апа Ғ is a function which represents the solution 
to be determined, allowing f to be represented by a series 
of basis functions ቁ a solution may be arrived at in the 
da owing manner: 
Given 


СЕ) = р (1) 


Let 


a f (2) 


7 





where the a's are to be determined. Substituting (2) into 


(1) yields 


Multiplying by Wi? 


mare ህያ L(f ) = w g 
n m n m 


where “т is some weisht function to be determined. 


Taking the inner product, <a,b>, of both sides: 
Σ a «Ww ,L(f )> eu sa 


where the inner product is to be determined. Allowing 


፲ a <Í ° БЕ) E 
This is known as Galerkin's Method. 
In matrix algebra format, the above becomes: 
pil 


Е. СЕ. )> 1 I со .«Ε..87 1 


al 
n 


where i-l to m and j-1 to n. 
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The theoretical analysis of the single resonant cavity 
begins by continuing with Eq. (12), Reference 7, and making 


the assumption that Ë, = 0 leaving: 


1 EL m m 
where the script represent the Fourier transform of the 


x-directed electric field, and G 1s the dyadic Green's 


qu 
Ewctron obtained by the application of the Helmholtz 
Equation and Boundary Conditions to the Fin-Line geometry 
as depicted in Figure II-1. Here "a" is the width of the 
guide, "b" is the height of the guide, D is the dielectric 
thickness, ከገ and h, represent the fins location relative 
to the side walls of the guide and w is the gap width. 

E E and EX are the relative dielectric constants for 
regions 1, 2, and 3 respectively. 


The following assumption is made in the transform 


(spectral) domain: 
Е х z 
E Ca збо) = Ela 75.,(5)፡ 
where a and 5, аге the transform variables with respect to 


x and z and are defined by Equations (4) and (5), Reference 


7. Next step is the choice of basis functions. 


123 





The x component of the electric field is defined as: 


ም aise (2πι-1}π2 
J m ዴ 


|[ — 


е (х,2) = А 
τ πι 


νι Ww, 2, | Z|) - 


The geometries for the fin-line resonant cavity and the 
z-dependence of the x-directed electric field, 6532) are 
as depicted by Figure II-2. 

In the transform (spectral) domain, 


>. 
Fle (x,2)} = E. (o) В Ë (me) 


M 
» 
= m 


m 


where 


р sin #(a D)(P) 
un 1 М 
σία D) (=) 
n D 


and 


cos (£,D)(2/2D) 


И (5) = (-1)" САТ (от) 
хы [(2π-1}πη2 


ο. RO, 
(5.5) (55) = 5 
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Figure II-l Fin-Line Structure Geometry 
(end on view) 





EA ቧ 


A 
2 


Figure II-2 Fin-Line Resonant Cavity Geometry 
(side view and z- dependence of the 
electric field) 


Du 





Finally, applying the Galerkin's Method yields: 


| x 2 2 2 " 
poate Ce? 21 ገ ET e (е)? = 
x 2 2 Z = E 
[<[E Co 3) 51 1 Ех. Шы (5,2>1 ГВ. 1 = 6 
gmere ı = l to M and j = 1 to M. And the inner produce is 
defined as 
E i x Dez 2 
E. E. 811 Ca, 56,2 [E Са 3] Ὁ μι πο οτι. 


For a complete derivation see Appendix A. 


BEENENUMERICAL ANALYSIS AND RESULTS 

The problem is to find the value of the resonant length 
for a given Fin-Line geometry and frequency which causes the 
determinant of the matrix of inner profuct terms to equal 
zero, since the B coefficients cannot be zero except in the 
trivial case. 

For ease in numerical calculations and for programming 
purposes all geometric parameters and frequencies are 


normalized as follows: 
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D/A Wavelength (frequency) of interest normalized with 
respect to D, the dielectric thickness 


h,/D Fin location relative to the positive Му" side wall 
normalized with respect to D 


/D Fin location relative to the negative "у" side wall 
normalized with respect to D 


b/D Guide height normalized with respect to D 


t/D Inductive Strip width normalized with respect to D. 


The resonant length normalized to the guide wavelength is 
defined as $/A! where A', the guide wavelength, is numerically 
determined in the same manner as described in Reference +. 

A simple bisectional search is used to determine the value 

of 2/1* for which the determinant goes to zero. The 

residue is .0001, therefore, the uncertainty of 2/1' is 
ПОТ. Increasing the size of the matrix (number of basis 
functions used) continually improves the result until a limit 
is reached where no further improvement is realized. This 

is depicted by the convergence test of Figure II-3. 

Two other numerical considerations are singularities in 
the Ε ία) and 22037 functions and the limits of summation 
oven a, and DE Both are derived and resolved in Appendix A. 
The documented program is found in Appendix G. 

Numerical results for a single cavity (Figure II-2) are 
graphed and may be found in Appendix B. The figures of 
Appendix B are of the same form as Figures 7 through 12 


of Reference 7, hence comparison is made with those results. 
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Figure II-3 Convergence Test for the Single Resonant 
Cavity for w/b=0.5, t/D=16.0, and f=12 GHz 
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The solid curves and circled crosses in these graphs are 
the numerical and experimental results respectively from 
Reference 7. The dashed curves are the numerical results 
obtained by the method of moments with the expanded set of 
cosine functions. 

As can be seen, the difference between the experimental 
and numerical results of Reference 7 and the numerical 
results obtained herein ranges from 0% to 2%. The 


normalized septum reactance is defined as 
== tan 217 ለፈ/.እ?" 


where A£/A' = 565 - £/r'), [Ref. 7]. Figure B-4 shows the 
variation of the normalized reactance and in turn, the 
normalized resonant length, with respect to the length of 
the inductive septum. 

The dimension of the matrix was chosen to be 7x7 based 
upon a convergence test in which the matrix order was 
iterated until the resonant length was no more than 0.001 
Meypically less than 0.5%). Given a particular fin-line 
geometry and frequency, the solutions converged with matrix 
dimensions ranging from 5x5 to 8x8. The numerical calcula- 
tions for Figures B-1 through B-5 were for wR(90) waveguide 
with centered fins for 8.0 to 12.0 GHz, normalized gap width 


ВВ 1.0, 0.5, and 0.1, dielectric thickness D=0.1 inch, 
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a > 


ፎ 
T? 


ПИЕТЕ = о. ЕБИ ала for a dielectric constant, 


= 1.0. The numerical calculations for Figures B-5 


through B-7 were for normalized frequencies 2a/\ = 1.2 to 


Dormalızed gap width w/b = 1.0, 0.5, 0.2 and 0.1, 
IS and D/a = 0.1, 0.05, and 0.1 respectively for 
БАШ апа 2.2. 


Тһе conclusion based upon this phase of the analysis is 


that an expanded set of basis functions works extremely well 


апа 


the 


and 


that the choice of the cosine basis functions to represent 
z-variation of the x-directed electric field was proper 


viable. This set the stage for phase two of the 


analysis. 
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НИЛИ АНИНА РТС ТЕО RESONANT LENGTHS FOR 
ODD AND EVEN MODES 
The following is broken down. into two parts, theory and 
numerical analysis and results. The theory will cover the 
geometry of the two coupled fin-line cavities, the selected 
basis set, odd and even mode field distribution, and 
implementation of Galerkin's Method. The numerical analysis 
and results will cover convergence and three tests of the 


results for correctness, 


ШО ТПЕОКУ 

The theoretical analysis of the two coupled cavities is 
an extension of the single cavity. The geometrical structure 
of the coupled cavities and field distributions of the 
selected basis functions for the z-dependence of the x-directed 
Fi Lyric field ES for both odd and even modes are described 
in Figure III-l. The end walls are perfect shorts and the 
ሸን ክሮ ተገነሆህፎሬ discontinulty is in the center of the structure. 
The lid lines of the field distributions represent even 
modes and the dashed lines represent odd modes. 

As can be seen the choice of basis functions are both 
sine and cosine. The x and z dependence of the electric 
field is given by 


Q 
КИС -2) = А x ΒΕ (а), [x|<w/2, t/2<|z|<2+t/2 
x аі 4 4 ፦ “>= 
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(x, 2) 


Кем [| | 
2 
~(2+t/2) -ቲ/2 |ቲ/2 Ὃν. PES» 
m NET 
E /2 L/2 
АЕ 
x. Z) Е 
В Жайын η 
/ С 
/ ኒ 
2, 
(21/2) оо К ‚Ka+t/2) 
= о 


Figure III-1 Coupled Fin-Line Cavities and Basis 


Επ ντους Field Distribution 
(cide View) 
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where 


5 m | 
Sin I то ЕЕ. 


Б (а) = 
q 
cos — Hom "оса. 
For example, if q = 4, which is even, 





F(z) = sin 
gem: g = 7, Which is odd, 
F(z) = cos — 


And the spatially shifted basis functions as depicted in 


Figure III-1 are defined 


- sin at la (E 2<0 


2 
q even 
+ sin £” [z - 9], 2>0 
mz) = oe 
Ч 
cos = В (25501, 2<0 
оа 
+ cos = [z - (25501, 2> 0 
а оаа 


Z9 





where for (+) the sine funetion, plus (+) = odd mode and 
minus (-) = even mode, and where for (+) the cosine 
function, plus (+) = even mode and minus (-) = odd mode. 


In the transfcrm domain, 
ES Q Z 
F{e (x,z)} >= ር (ቤ ) D BERE.) 
x 52 m > aeos k 
q=1 q 


where о, апа Ex are the x and z transform variables 
respectively as defined by Eq. (4) £ (5), Reference 7. 


For q even: 





- sin Ө с 
(-1)፡ (25) — (2) sin &,( ) 
3 2 ат 2 9627 
2 Ө = ) 
p. (61) = for Even Mode 
В Sino ае 
Gelee (2) сс 
2 О 2 m κ. 2 
Ө -(>:-) 


for Odd Mode 


- ከ тог а ода: 





$ ott 
(-1)9 3 (0 т) АЕ СЕЕ (оо: r 
е 2 τ αν Ico" 22 
p Ө - САТ) 
BEC) = for Even Mode 
q 
2 +t 
(-129 9 (ит) መ“ ው ው ጋመ) ү К О, 
O 2 > K 2 
Ө (35) 


for Odd Mode 
where 8 = (5 22/2. 
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Finally applying Galerkin's Method yields: 


[<lEXCa 1 ር 


2 2 E _ 
- ο ГВ. = ЧО 


3 


where "1 and "3" = 1 to Q and E and 55: are sine or 
τ J 
cosine functions depending on whether the index is odd or 
even. 
The inner product is defined over a and Бү» as it was 


in the single cavity case. For a complete derivation see 


Appendix C. 


В. NUMERICAL ANALYSIS AND RESULTS 

The problem is to find the values of the odd and even 
mode resonant lengths of the coupled cavities for a given 
Fin-Line geometry and frequency which cause the determinant 
of the matrix of inner products to equal zero. The odd and 
even mode resonant lengths normalized to the guide wavelength 
ape denoted by a X and LO SED respectively. As in the 
Single cavity case, a bisectional search is used with a 
residue of .0001, therefore the values of the odd and even 
ር. በቢ lengths are determined to within + .0001. Increasing 
the size of the matrix (number of basis functions used) 
continually improves the result until a numerical limit in 
Semputation 15 reached. That limit is a matrix of 12x12 
dimension. However, the numerical results do converge with 


increasing order of the matrix. This is depicted by the 


ЗА? 





convergence test of Figure III-2. Therefore an order of 12 
was used for all numerical results contained herein for the 
coupled cavities where w/b=1.0. 

Three checks are used to determine the correctness of the 
numerical results. First, as the thickness of the inductive 
strip increases a point is reached where the two cavities 
become uncoupled and LIN = ЛА“ This is seen to occur 
in the numerical results of Appendix D for w/b = 1.0 where 
the Fin-Line gap equals the "b" dimension of the waveguide. 
As the thickness of the strip, normalized with respect to D, 
t/D (TOVD) approaches 16.0, ЛА! (LE/LPR) equals ШЕЛІ 
(LO/LPR). Here D = 0.1 inch and D/ı (D/L) is the free 
space wavelength normalized with respect to D, the dielectric 
መክ ገ less, for 8.0 to 12.0 GHz in steps of 0.5 GHz. Second, 
as the thickness of the strip becomes very small LIN 
approaches one half (0.5). Referring to Appendix D, this 
ШҮЙ Бе seen to occur. In fact, as t/D - 0.1, ЛА πο τος 
all frequencies from 8 to 12 GHz. The third check is 
noting that the odd mode resonant length is equal to the 
τ length for the single cavity plus the equivalent 
electrical length of the inductive septum, as derived in 
the single cavity case. Graphically, this is depicted in 


om 
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Figure III-2 Convergence Test for the Coupled Resonant 
Cavities for w/b-1.0, t/D-1.0 and f-8.0, 
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Therefore, LIN 


x 
eq 


where x = 
eq 


νι. А" 
eq 


лал т/і 
eq 
аке 
2T eq 


XSC as derived in the single cavity case and is 


included in Appendix D. 


As an example, consider 8 GHz for w/b - 


2 IA! = „487 

ЙІ - .569 

.487 = .469 + 
= ,8855 , 


ШІ! с 5.0: 
МЕ! = .506 
О 
Er - .308 


Шат = №0. 
x > 11. 
eq 
и = i1 tan „098 
ед ረዝ 
20755 
mean relative error = 0.5% 


As a second example, consider 12 GHz for w/b = 1.0 and 
х 098 
eq 
ZONE c πα να. 
ед on 


5) 





‚406 = .308 + .096 


.404, mean relatives error = 0.5%. 


The mean relative error ıs defined as: 


ШЕ ОГ = 2 A) 
О eq 


ACLARA у 
О eq 


As with the single resonant cavity, two other numerical 
considerations are singularities in the Ε΄. and τ. 
functions and the limits of summation over and Εκ Both 
are derived and resolved in Appendix C. The documented 
merran ls found in Appendix H. 

The conclusion of this phase of the Fin-Line inductive 
strip analysis is that numerically the results are correct 
with regard to convergence and the three checks. Also, the 
choice of the sine and cosine basis functions was proper and 
viable. The final phase is to derive the scattering para- 
Meters for the inductive strip as a function of both odd 
and even mode resonant lengths and compare numerical and 


experimental results. 
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ΤΙ: ΠΕΣ SCATTERING PARAMETERS 


EN THEORY 

The final phase of the analysis of the Fin-Line inductive 
discontinuity consists of deriving its scattering parameters 
from basic microwave network circuit theory by treating the 
strip as a lossless two-port network and then comparing the 
numerically calculated scattering parameters with these 
determined through experiment. The complete derivation of 
the scattering parameters is found in Appendix E. Since the 


inductive strip is considered lossless, recipricol, and 


symmetric, the scattering matrix is unitary, 511 = 523 and 
521 = 512. The values of 511 апа 512 are determined to be 
፡ E Lo ге О 
511 = >ፎ252(ገ 28፡12ዣፕ + au) cos 2ቨ (στ = ጊፕ? 
š ; ze LO : ve 2ο 
= pa 2 
512 Je жегі Sin 2T un ыг? 


and the equivalent circuit reactances for the inductive 


strip are determined to be 


ЕСІ me Le 1. 40 
ЕЕ 5 [ап 21 (5 τι, + tan 21(5 г) Ј 
M = 2 [tan 2" (> - Se) - tan 2т (5 - 57). [Ref. 14] 





BEZZNUMERICAL ANALYSIS AND RESULTS 
Using the odd and even mode resonant lengths numerically 


determined, the corresponding S and 512 parameters are 


11 
calculated and checked for convergence. Figure ТУ-1 shows 
that convergence is achieved with an order of "10" for the 
|5.. | mom t/ = 1,0, w/b = 1.0, БЖ ΠΥ a md ΟΣΤΟ, ΤΟ and 
2 


12 GHz, as an example. Similar convergences were obtained for 


various other geometric parameters and frequencies for S 


19! 
8,1, 512; and θη ο» 
The numerical results obtained herein for 511 > 941» 512? 
апа 9 are compared with the experimental measurements by 


በሪ 
Miller [Ref. 15] and graphically depicted in Appendix F. 


Referring to Appendix F, the solid lines with circles are 
numerical data and the dashed lines with squares are the 
experimental measurements by Miller. Defining the mean 
relative error (MRE) between the experimental (EXP) and 


numerical (NUM) data as: 


20172 
_ -(NUM-EXP) E 
M.Rel SE Eme ርይ [ NUM EXP ] х 1005, 


the mean relative errors for the 211 parameters range from 05 


up to 8.5% for the phase term Ө for a septum thickness of 


ET 
nen at 8 GHZ. Errors for the 521 parameter are very 
large in many instances and very erratic. 

As an example, for a septum thickness of 0.2 inch, 
15 


DES 1.0 at 8 GHz the mean relative error for the ЕТ 
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Figure IV-1 |5..| Convergence Test for the Inductive 
Sthip for w/b=1.0, t/D=1.0, and f=8.0, 
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51.4% and for the phase term 92 1 the error is 86.66%. In 


view of these two extremes in agreement between experimental 
and numerical results, some general statements can be made. 


For and 8 the mean relative error is generally 


үзү По 


less than 5% and deviations from this general rule are 
restricted to the lower frequencies near 8 GHz. For the 521 


parameter, the error for the |S follow the same general 


211 


rule of being less than 5% with the exception of the septum 
thickness of 0.2 inch which appears to be a measurement 
anomaly. However, such is not the case for the phase 851 


term of the S 1 parameter where the mean relative error ranges 


2 


from 0% to 86% with no median value regardless of frequency 


range. The closest agreement for the 5 1 parameter between 


2 


experimental and numerical data can be seen to be for the 
septum thickness of 0.05 inch where the mean relative error 
ranges from 0% to 7% for the frequency range from 8.0 to 11.5 
GHz and 70.7% for 12 GHz. If the inductive strip is indeed 

a loss less two-port network then the square root of the sum 


of the squares of the magnitudes of 511 апа 521 should equal 


1.0 and the phase terms of 511 апа 351 should dillertby Jos 


degrees, (8 -909). Considering the close agreement 


Lie “al 


between the numerical and experimental data for the magnitude 


and phase of S те the author's belief that the 


jobs 


experimental results for the magnitude and phase of 521 [OD 
the inductive strip as presented by Miller in Reference 15 


are in error and Miller agrees with this fact in his 


90 





conclusions. Since the experimental and numerical data for 


the S parameters agree within a 5% error for w/b = 1.0, 


αι 


numerical calculations of the scattering parameter 5 were 


in: 
fee and plotted for w/b = 0.5, 0.25, 0.2, and 0.1 and are 
presented in Figures F-25 through F-56 of Appendix F. Values 


for the 521 parameters can be obtained from these curves by 


K Ing that: 


ЕЕ - /т |s | 


21 ΠΠ 


En 95-705 
These curves should prove useful in design and comparison 
with experimental measurements for w/b « 1.0. Тһе numerical 
results for w/b « 1.0 presented were obtained using a matrix 
of order 8, which corresponds to the use of 8 basis functions 
to represent the electric field spatial distribution, and 
restricting the maximum limits of summation for the inner 
product terms which are the elements of the matrix for which 
a singularity is sought. This was done in the interest of 
computation time and may represent an error as high as 2% 
from that which could be obtained from an order of 10 or 
higher and unrestricted limits of summation over Ἢ and Ey: 
The numerical results appear physically sound. Comparison 


of the | 8. | reflection coefficient for a specified strip 
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EN t/D For w/b = 1.0 with w/b = 0.5 and 0.25 shows that 
the [5111 increases in magnitude with decreasing gap width 
w/b. This is physically reasonable in that as the gap 
becomes smaller the strip width relative to the gap appears 
electrically wider and the fields in the two cavities become 


more uncoupled. Comparison of the |S Eos a  ሜ ፡. ም. EN 


11 
0.2 and 0.1 reveals that the magnitude drops for w/b = 0.2 
and then begins to rise again for w/b = 0.1. This may be 
explained by noting that as the gap becomes smaller the 
electric field strength within the gap increases and is 
essentially constant and the multiple reflections of the 
decaying exponential tails between the two cavities on the 
strip may increase in strength, correspondingly. Hence, as 


coupling increases the |S decreases. However, experimental 


111 
measurements must be made ın order to determine the 


"correctness" of the numerical results presented here. 
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Vs CONCLUSIONS AND RECOMMENDATIONS 


The spectral domain technique used in conjunction with 
Galerkin's method and the choice of an expanded set of cosine 
and sine basis functions to represent the spatial distribution 
has been demonstrated to be proper, viable, and produce 
accurate results in the analysis of the fin-line inductive 
strip. For the single resonant cavity, agreement between 
previously published numerical and experimental results and 
the numerical results obtained herein is within 2%. For the 
coupled cavities using the odd and even mode resonant lengths 


to determine S for the inductive strips of various widths 


ΠΠ 
the agreement at several checkpoints is within 5%, in general. 

Numerical computation time, expecially for w/b < 1.0 can 
be quite large if high accuracy is sought. Numerical accuracy 
is a function of the number of basis functions used (matrix 


order), limits of summation over A, and £ and the residue 


> 
decision to determine the end of a search iteration. These 
three factors, along with search interval directly impact on 
computation time. As the order of the matrix goes up, so 
must the accuracy of the elements of matrix which can only 
be obtained by increasing the limits of summation for the 
inner product terms. This is due to the fact that as the 


determinant of the matrix approaches its singularity, which 


is what is sought, it becomes "ill-conditioned". If the 
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elements of the matrix contain a small error then an incorrect 
value of the determinant will result. As the matrix becomes 
very ill-conditioned, numerically, exponential underflow or 
overflow will exceed the capabilities of the available IBM 
3033 used. Therefore, a trade must be made between accuracy 
and computation time. 

Four recommendations are offered in conclusion. First, 
due to the computation time required for highly accurate 
numerical results, 1t is recommended that the programs 
contained herein be transferred to a personal minicomputer. 
Second, experimental measurements should be made for w/b<1.0 
and compared with the numerical results presented herein. 
Third, the use of other basis functions should be investigated 
in depth. Two basis functions are recommended. The close 
numerical agreement between the basis functions used in this 
thesis and the cosine with the exponential end correction 
used by Knorr in Reference 7 indicate that using a single 
cosine function with a sum of exponentials representing the 
decaying tails of higher order modes may prove to be very 
accurate. The second basis set recommended is formed from 
the Chebyshev polynomials of. the first kind, TOO, 


pecsented here as 


Р(х) = ፳፲ (x) - Тоа ООН 


цц 





This is ሻው ን теа Chebyshev polynomial of the second kind, 
defined over the interval of -1 to +1 and is zero at these 
two points regardless of order. This function has the 
advantage of being cr odd depending on the value of 
the index "п". The fourth and final recommendation is that 
a faster search routine be sought. The bisectional search 
used herein is the most accurate and reliable but has the 
burden of being the slowest. The Newton-Gregory search 


ша "σα is offered for consideration. 
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APPENDIX A 


THEORETICAL ANALYSIS OF THE SINGLE RESONANT CAVITY 
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APPENDIX B 
NUMERICAL RESULTS FOR THE SINGLE RESONANT CAVITY 


NORMALIZED REACTANCE 
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APPENDIX F 
NUMERAL RESULTS FOR THE SCATTERING PARAMETERS 
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ወ ው ወ ወ ወ ወ ወ ወ ሠ ሠው ወ ወ ወ =» э э =» е = < + = ውጡ ወ ሠ ወ ወ ወ ሠ ወ ወ ος = + э => ሠ› ወ = ወ” ወ ቅ ወ Q < e < =< ወ ወ ወ ወ ቅ “<= e < e e ዓ ወ ወ ወ ወ ቅ ወ ወ ወ = ое по ወ ወ ው ቁ =» ወ ወ = ae G э э = = %® ወ ሠ ሠ ወ ው ሠ = э =» ወ ቅ ወ ወ ቅ» ወ = э е = = ғ 
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Figure F-3 ЕРЕ V.S. Frequency for T=0.1 inch Inductive 


ο ο P= 205 and en =1.0 
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э өө ө = ө ө = ө ө ® ос е ое е е ое ሠ ወ ወ ፅ ሠ =» 9 = ወ ወ ወ =» ወ = ቁ ወ ወ ወ ሠ ሠ ወ ወ ወ ወ ወቅ ው ወ ወ ወወ = = еэ ወ ወ ооо ወ ወ ቅ ው ወ ወ ወ 9 ሠ ወ ሠ ሠ ө Ь ә « с ~ < < о о < < ~ che m =» 2 4 ወ>ወወወ።ወ 


те... ወ ቁ ወ = ቅ ወ ቹ ወ ወ ሠ=ወ ወ ወ ወ ወ ወ 93 ወ ወ ወ ወ ሠ ወ ወ ወ ወ ወ ፡ ወ ወ ወ ወ ወ ወ ወ ወ ወ ሠ 90 ወ ወ ሠ ወ ሠ ወ ሠ ወ ወ ወ h. ወ ሠ” ሠ” ወ ወ ሠ ሠ ወ 9 ሠ ።ዖ። ሠ> ሠ ወ ሠ ሠ ወ ሠ ወ ሠ ሠ ፡፡ ወ ወ ሠ ው ሠ ው ወ ሠ ሠ ውቀ ወ ሠ ሠ ወ ሠ ሠ ው ሠ « « ቆ ሠ ሠ ሠ ሠ ወ ሠ ወ ወ ወ ና 


ው.9 ፍ ወ ሠ ወ ወ ወ ፍቹ ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ው ወ ወ ወ ወ 9 ወ ወ ወ ፍ ወ ፡0 ወ ው ወ ወ ወ ወ ው ወ ወ ወ ሎስ ወ ው ወ ሠ ወ ወ ወ ወ < о =» ወ ወ ወ ወ ው ወ ወ ወ ወ 9 ወ ወ ሠ ወ ወ ሠ ወ ወ ~ ~ + ሠ” =» э = ሠ” ሠ” = ® ሠ›ወ ሠ ቅ ው ወ ወ ሠ ወ ወ ሠ ወ ሠ ወ ፡ዖ ወ ወ ወ ወ ወ ወ е ወወ 


ወ ወ ቹ э» ወ ው ወ ወ ወ ወ ውጭ ወ ቁ ው ወ 9 ወ” ወ ወ ወ ወ ው ወ ወ ወ ወ ወ ወ ወ 9 ሠ ወ ње е ወ” < < << = ~ = Фф ሠ” ሠ = = = ወ” ሠ ወ ወ ወ ስሕ ው ሠ ወ ሠ 9 ሠ = = = ® Фф = + = ሠ” ወ = = ә ሠ” ወ ሕ « ሠ” ወ ወ ወ ө => <= оф = ሠ ወ ሠ ወ ሠ ሠ ሠ ሠ ው ሠ ሠ ወ ወ ወ ወ ወ ወወ ወ 


መፍ ወ ወ ክኬ ቁ ቁ ቹ ወ ወ ቁ ቁ ቁ ወ ወ ወ ቁ ቀ ወ ወ ወ 953 ው ቁ ሠ ቁ ወ ወ ው ወ =» ቁ ው ዌቁ ወ ው ወ ወ ወ ወ ወ ወ ቁ ቅ ወ ወ ቁ ወ ወ ና ወ = 9 ወ 9 ወ ወ ው ሠ ወ ወ ወ ሠ ሠ ወ ቅ = = = = ወ” ወ ወ ው ሠመ ሠ ቆ ወ ወ ሠ=ወ ው ሠ ሠ ወ ወ ሠ = ® =» ወ ሠ ሠ ወ ወ ወ ወወ ሠ Өф ወ ሠ ወ ወ ወ ወ ወ 9 ወወ 


ወ ው ወ ወ ቹ ወ о መወ ወ ቂ ቁ ወ ወ ወ ወ ው ቁ ቁ ወ ወ ቅ ቹ ወ ሠ ቁ ወ ቁ ቁ ወ= ፍቹ ወ ወ ወ ሠ ውጡ ፍዋ ቹ ሠ ሠ= ወ ወ ሠ 9 ው ወ ወ ቁቹ ሠ ቁ ወ ወ ወ ወ ፡ዎ ወ ወ ሠ ወ” ወ ው ው ወ ወ ውፍ ፡ዖ ሠ ወ ወ ወ ወ ወ ወ ሠ ወ” ወ Ср መ= ወ ሠ ወ ወ ወ ሠ=ወ ወ ው ወ ው ወ ወ ወ со ое =” ወ” ወ ወ ቁ 6 ሠ ወ ወ 9 ወ ወ ወ ወ ወ ወ 


ee “ ወ ወ ወ ወ ወ ወ ወ” ቅው ወ ሠ ሠ ው ወ ወ ቁ ወ ወ ው ቁ ወ ወ ሠ ወ ወ ወ ወ ወ ወ ወ ቁ ወ ወ ው ወ ው ቹ ወ ሠ ወ ወ ቁ ቁ ሠ ሠ ወ ሠ ወ ወ ሠ ወ ወ ቁ ሠ ወ ው ሠ ቁቹ ወ ወ ወ ቁ ሠ ፡ = = ወ ወ ሠ ወ ወ ወ ፍጭ ወ ሎዖ ወ ወ መ ወ ቁ ወ со ቁ ፍቹ ወ9 ወ ወ ወ ወ ው ሠወ ወ ወ ወ ሠ 6 ወ ሠ ው ® ® е = ® е = 
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Figure F-u | Sy | v.S. Frequency for T=0.2 inch Inductive 


Serip, w/D-l.0, and en =1.0 
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ΚΕΝ "nm, መጨ =. መ 
C — መ ie, аса 
= = “а uU N = МЕ — EN : E 
Gs ~ መ - ~ =p, ES : 
> = ' ጋ ~) 
~ = ' = . 
ЕЕ” ; : η 
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‘ ~ . 
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. м ° 
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--ееесесесвсеесегесеесесеесвегеесееесееесегееекеесеьггееееевеФеееееесееетсееесееесетчееееесегсеесееееефееееесееесееееесеееееегеесеессесеесе»ее 


ወ ው ወ ወ ወ ወ ወ ወ ወ ወ ቅ ወ ወ ወ ወ ወ ሠ ወ ው ወ ወ ቅ ወ ው ቁ ቁ ወ ወ ው ው ው ወ ቅ ወ ወ ወ ው ው» =» ወ ቁ ወ ወ 9ቆ ወ ወ ወ ወ · + * ቁ ወ ወ ዖ ወ ቁ ወ ወ ወ ወ + ወ ወ ወ ቁ = еэ ወ ወ ወ ወ ወ ቀ ወ ወ ቀ መሠ ወ ወ ሠ ” ወ ሠ + ወቅ ወ ሠ ሠ ወ ሠ ሠ ወ ‹* ሠ" = ቁቆ + ሠ ወ ወ ሠ ወ ወ ወቃ 


ወ ወ ቱ ወ ወ ወ ወ ው =< ሠ” ቅ ወ ое ወ ወ ወ ሠ ወ - < =< ወ ወ ። ወ ወ ወ ሖ ወ ሠ ወ ቹ ሠ ® =» =» о < =» ወ ወ” ወ ቅ መ” ወ ወ ቀ ወ ~ Фе о ~ % ውጭ ወ ወ ወ ወ ወ ሠ ወ ወ ወቅ 9* ወ ወ ሠ ወ ሠ ወ ሠ ወ ሠ 9 ወ ወ ፦* ቁ ወ ወ ወ ወ ወ ሠ ው ወ ወ ወ ሠ ወ ሠ ወ ወ ው ጭፍ ቆ ቁ ወ ወ ወ ወ ” ቁ ወ ወመ” 


ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ቅው ሠ ወ ወ ወ ወ ው» ወ ወ ወ ወ ቅ =» ወ ወቁቱ „ ቁ» ወ - ወ ወ ው ውጭ ወ ወ ወ ሠ ወ = ~ < =» ® = е е Фф ”“ ወ ሠ ወ ወ о ቹ ወ ወ ወ ፍ=* ወ ወ ሠ=›ወ ወ ወ ወ ቅ ቁፍ ወ ወ ወ ወ ወ8ሠመ ቱ ወ + ቁ ወ ሠ ወ ወ ሠ + ወ ሠ ወ መ ወ ወ ፦ሠ ወ ወ ው ወ ወ ሠ ወ ሠ ቄ ሠ ወ ወ * ወ = ወወ = = 


*» ወ ወ ወ ወ ወ ሐ ሠ ወ ወ ቅ << о е ወ ወ ወ ወ ወ ወ ቅ ወ ወ ወ ወ ወ ው ወ ወ ወ ወ ቅ ወ ወ ወ ወ ቹ ሠ ወ ወ ወ ወቅ ው ወ ሮሞ ወወ ሠ ቁ ወ ወ ወቅ ወ ወ ሠ ሠ ወ ወ ው ወ ወቹ ቁጭ ወ ቁ ቅጭ ው ወ ወ ቁ ው ቅጭ ወ ወ ውጭ ወ ሠ ወ ወ ቀ ሠ ወ ጭ ቅ ቁ ወ ወ > ሠ ወ ወ ውቁ ጭ ቆ ወ ሠ ወ = ® = е = = = 


ው ወ ወ ወ ወ ወ ወ ወ ወ ወ ው ወ ወ ወ ወ „ э መ”ጭ ወ ወ ወ ዌ ወ ወ ወ ወ ወ ወ” ወ ወ ወ ወ ወጡ ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ቁ ሠ ወ ወ ወ ወ” ሠ ወ ሠ ወ ሠ ው ው ወ 8‹ ሠ ቁ ወ ወ ቁ ወ ሠ ቁ ቃ ወ ሠ ቁ ወ ‹* ወ ቀ ሠ ወ ቄፅ ወ ቀ ወ ቁቱ ሠ ወ ወ о ፅ ወ ቀ ሠ” = < = = =» э ቄ ው ወ ና ሠ”ሠ ወ 9 ወ ወ = = 


ው ወ ወ ወ ው ወ ወ ወ ወ ወ ቅ ወ ው ው ወ ወ ወ ሠ ሠ ወ ወ ቹ ወ ውጭ ወ ወ ቁ ው ው ወ ወ ሠ ቅ ው ው ው ወ ወ ው ወ ወ ወ ወ 9 ወ ወ ሠ ወ ወ ው ወ ወ ወ ወ ው ወ ሠ” ው ወ ወ ወ ወ ወ ወ ወ 9 ወ ወ ወ ሠ” ወ ው ወ ወ ወ ወ ወ ወ ወ ወ ወ ሠ ወ ወ ወ ወ ወ ቁ ሠ ወ ቹ ሠ ወ ወ ወ ወ ወ ወ • :> ወ ወ ወ ወ ወ ወመ” 49 ወ 


ው. ወ ው ው ወ ወ ወ ወ ወ= ቹ ቅ ው ሠ ወ ወ ው ው ው ፡ወ ወ =» ው * 6 o 9 9 ~ ~ « 9 9 ሎቹ ወ ው ወ ውወ ወ ሠ ቱ ወ ወ ቁ ው ወ ወ ወ ወ ። ወ” ወ ወ ው ወ” ው ወ ቀ = ^ 9 9 ሠፉ ወ ቁ“ ወ ቅ ወ ወ ቀ ወ ወ ወ ወ ወ ሠ ሠ ቁ ቁ ሠ ሠ መ ወ ወ » * ወ ቱ ወ ወ ወ ቀ* ቀ ወ ውጭ ወ ወ ሠ ቁ ወ ወ ወ ወ = 0.000. 


ወ * ወ ወ ውጭ ው ወ ወ ው ወ ው ጡ ሠ ወ ወ ወ ወ ሠ ወ ወ ሠ ኩሎ ሠ ወ ‹ መ ወ ወ ወ ወ ወ ወ ው ውጡ ወ ወ ወ ሠ ወ ሠ ወ ወ ው ቅ ወ ሠ ወ ወ ሠ ቁ ~ ቴቱ ወ 9 ሠወ ወ ወ ወ ወ = = ውጡ ወ ውጭ ® = = = ዊወ ሠ ወመ ወ ወ ፍቁ ሠ ው ሠ” ወ ወ ሠ ወ ወ ወ ወ ወ ወ ው መጭ ” + ወ .< ወ ወ ወ ወ “ ቁ ሠ”መ ወ ወ ወ ወ ወ ቀ ወ ወወ 
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Figure F-5 [5111 v.s. Frequency for T=0.5 inch Inductive 


τιν, Ы/р-1.0- and En =1.0 
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.. ® 


чо ፍ% ወ % ወ % ወ ወ ወ о ох ооо ሠ ወ ወ ሠ ወ ወ ወ 8 ወ ሠ ፍቹ ወ ወ ወ ወ ወ ፍዋ ወ ፍ ወ ወ ሠ ወ ወ ፍጭ ወ ወ ወ ቁ ሠወ ሠወ ወ ቱ ወ ወ ወ ወ ሠ ሠ ሠ ወ ፍቱ = = ሠ”ወወ ወ ጭ ወ ቁ ወ ወ ፍጭ ወ ወ ወ ወ ወ ሎ ወ ወቹ ወ ወ ወ ወ = = == э ар ሾወ ወወ ወወ ወ т= ee 


ወ ወ ወ ወ ፍ ወ ወ ወ ው.” ቅ መ 9 ፍ ፍቹ ወ ቁቱ ወ ፍጭ ወ ወ ቹ ወ ወ ፍ ወ ወ ወ ወ ወ ወ ው ወ =» ወ” ው ወ ወ ወ ሠ ወ ወ 3» ወ ሠ ወ ወ ወ ሠ ሠ ሠ ወ ወ ሠ ሠ ሠ ሠ ሠ a ሠወሠ ሠ 6 ወ I 


ወ ው ወ= ወ ወ ወ ወ ወ ወ ፍቹ ቅ9 ወ ወ ወ *ቱ ፍ ወ ቶ ወ ወ ® ወቅ ው ወ 9 ወ ወ ወ ወ ወ ወ ወ 93 ወ ወ ው ቱ ቁ ወ ወ ወ ወ ቅ ቅሎ ወ ሠ” ወ ሠ ወ ወ ሠ ሠው ወ ወ ቅ9 a ሠወ ሠ ሠ ወ ወ ወ ወ ሠ ወ ወ » ወ ወ ወ ሠ ሠ ሠ ቁ ሠ ሠ а. ар ое = ® ® ® = = = т 
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መወ%ው ወ ወወ ወ ወ ውፍ ወ ቁ ወ ወ ሬ ወ ወወ ወ ወ ወመ 9» 2 < ~ «~ ~ ዊዋ ወ መ ወ ዊዋ 9 = = = = = = = = = = Ф ወወ ወ ወወ ወ ወወ ወ= ፡ ወ ወ =ወ ወወ ወ ወ ወ ወ ው ወ ወፁ ወወ ወወ ወ ወ ወ ው * ወ ወ ወ « ወ ወወ ወወ ቹ ወ ወ ወወ ወ ወ ወ ወወጩወ ው ወወ ጭዋ ወቅዋ фа Ф Ф 


=. -< << << а Ф® ® ወ 2 ወ ወወ ወወ ውሐ ወወ 9 ወ ወ ውቃቤ ወወ ወ ወወ ወ 9 ወ ወ ወ ወ ወ ወ ወ” ወ ቅዋ ወ ወ ወ ወ ወ ወ9ቁዋ ወወ ወ ወ + % ወወ ወ ሖ= ወ ወወ ውወ ወ ወ ው፡ ወ ወ ወ ቅ ወ ዋ ወ ሠ ወ » Ὁ Ф® = ወ ወ ወቁ ወ ወ =® ወ ቹ ወ ወ= ወ = ጭ ዋ ወ ወ. ወወ 9 ወመወ ወወ መወ = = = 


* 9 5 0 9 9 4 ወወ αν Ὃν «Ὁ αν ወወ ወወ ወወ 5 OQ * 9 e & e € € 9 d αν ወወ ወ9 መወ 9 9 m dp o m o9 s d o αν ἂν Ὃν αν ወወ ወወ αν αν αν αν αν ον αν «αν αν αν αν ወመ መወ ወ ወወ ወ መመ ጩ ወ ወው Ф® ወ ወጩወ መ ወወ = ወውወ αν αν αν αἴ αν αν ወወ ወወ ss е 
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Figure F-29 Se v.s. Frequency for T=.05 inch Inductive 


ον, W/b=.25, and a =1.0 
2 


НЕ 








ወ ወ ወ "7 ወ ወ ው ወ ወ ወ 9 ቁ ወ ው ወ ወ ወ ወ ወ >= ወው ወ ወ ውወ ወ ወ ሠ ሠወ ወ” ወ ቅ ወ ሠ ወ ወ ሠ ወ ሠ ወ ወ ሠ ፡ ቀቱ ሠ ‹ሓ” ወ ቁ ሠ ው> ሠ ወ ወ 9 ሠ ሠ ወ ወ ቀ ሠ ሠ ሠ ወ ሠ ው ወ ወ ወ ወ ወ ሠው ወ ሠ ሓ” ይ ሠወ ሠ ወ ሠ ወ ወ” ወ ወ ወ ሠ” ቅ ወ ወ ው ሓሠ ወ ወ ሠ” ሠ ቁ * ቁ ወ ወወ ወ = ее 


ውው ሠ ወ ሠ ው ወ ወ ወ = ው =. ወ ወ ወ ወ ወ ወ ወ ሠ ወ ው ሠሖ ወጠ ወሠ ውወሠወ ወ መ ወ ወ ው ወ ወ ወ э = ወ ወ ወ ወ= ወ.፡ዖ ወ ወ ወ ወወ =» ሓወ ወ ወ ወ ® ወ ወ ው ሠ ሠ ሠ ሠ ሠ ጽሓ” ሠ ቅ ወ ወ ወ ወ ሠ ወ ሠ” ው ሓሠ ወ” ውቹ ወ ” ሠ ሠሓ” ው ወ ወ ወ ሠ” ሠ” ቅው > ሞዊ ሠ ወ ”" ወ ሠ ሠ ሠ ቀ Го о ә 


ሖ ው ወ ወ ወ ወ ወ ወ ወ. ወ ው ው ወ ወ ወ ወወ ወ ወ ፡ ወ Ф® ወ ወ ወ ወ ው ወ ው ወ ወ ወ ፡5 =ወ ወ ው ወ ወ ወ ወ ወ = = ® ወ ሠ ወ ሠ ።» ወ ወ ወ ሠ ሠ ወ ወ ወ ሠ ሠ ወ ወ ወ ፡ ወ ቁ ው ወ ሠ ‹ ሠ ሠ” ወ ሠ ሠ ሓወ ሠ 8 ፍ ወ ወ ወ = ወወ ው ወ ወ »ዖ ፍቁ > ው ወ ሠ ወ ሠ ወ ሓ” = ው = = = ወ ወወወ eee 


= ወ ወ ወ ው ው ው ወ ወ ው ሎ9 ው ቱ ወ ወ ወ ጭው ወ ወ =» ወ 9 ወ ጭ ወ ው ው ወ ወ ወ ወ ው ® ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ው ወ ወ ወ ቁ ” ሑቱ ወ ሠ ወ ወ ® - « “ ወወ ወ ወ ወ ሠ = ውዌ ወ ሠ ወ ወ ሠ ሠ ወ ወ ወ ሠ ቹ = ሓሖ ወ = ወ ሓሖ ወ ወ ወ =ው9ው ወ ወ ወ ወ ወ ወ ወ ወወ ወ фо о чо ооо 
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Figure F-30 5) | v.s. Frequency for T=0.1 inch Inductive 


Баро он. 250, апа En 21.0 
2 


πι. 


1.0 





4. ፲ ወ ወ ወ ወ ወ ወ ወ ወ ወ. ወ ወ ወ ወ ወ ወ ወ ውቁ ቁ ወ ወ ሖ] ወወ ቁ ወ ወ ወወ ወ ፅ ወ ወ ቁ ቁ ወ ወ ወጩ ቁ ወ ወ ወ ወ ፍወ ወ ወ ወ ወ ሠ ወ ወ ወ ወ ወ ወ ወ ወወ ወ ወ ወ ወ ወ ው ሠ ወ ወ ወ ወ ወወ ወ ወ ወ ቅ ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ው ወ ወ መ ወ ወ ወ ወ ወ ወ ወ ቐዋ ሠ = ወ ሠ“ ወወወወመጣወመወ =» 


ወ= ወ ወ ወ ወ ወ ወ ቁ = ወ= ቅ ሖ= ወ ወ ወ ወ ቁ  =. ወ= ወ ወ ፅ ሖ ወ= ወ ወ ወ ወ ወ ወ ወ ወ 9 ቁ ቁ ወ › ወ ወ ወ ወ ወ ወ ቅ ወ ወ ፍቁ ወ ወ ወ ወ ሠ ወ ሖ ቅ ወ ወ ወ ወ ወ ወ ሠ ወ ወ ወ 9« ሠ ወ ወ ወ ወ ቁ ወ ወቱ ወ ሠ ቆ * ሠ ሠ ሠ ቁ ወ ወ ሠ ቁ ሠ 8 ሠ ወ ቅ ሠ ወ ወ ወ “ሠ ሠ # = = = = == э + • - 


ወ ወ ወ ወ ወ ወ ወ ወ ወ ወቃ» ወ ወ ወ ወ ወ ጩ  = ወ ወ ወ ው + ቱ ቁ ወ ቁ ቹ ቁ ቁ ቅ 86 ወ ወ ጩ ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ= ወ ወ ወ ፅ ወ ወ ወ ወ ወ 9 ወ“ ኦ”ሠ ቁ ወወ =» ቹ ሠ ቁ ሠ ወ ቁ ወ ወ ሠ ዋ ቁቱ ሠ ወ ወ ቁ ሠ ወ ሓሖ ሠ ሠ Ф% ወ ው ወ” ሠ ወ ወ ወ ወወ = # = вэ = = = = = т መወ 


ወ  = ወ ወ = ወ ወ ወ= ወ ወ ቅ ወ ወ ወ ወ ው ሠ ቱ ወ %ቆ ወ ® መወ ቁ ወ ወ ወ ወ ወ ሓወ ወ ው ወ ቁ ወ ወ ወ ወመ ወ ወ ቹዋ ወ 93 = = Ф юэ ቱፍ ወ ወ ወ ወ ፍ ፁፍ ወ ቁ ቁ ቁ ቁፍ ወ ሠ” ቁ ወ ወ 9 ቱ ወ ወ ወ ወ ወወ ወ ወ ወ 9 ቱ ወ ወ ሠ ሠ ወ ወ ወ ወ ሠ ® э = = э Ф = = = = э # = э == т = = = = = 
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Figure F-31 с Еее for T=0.2 іпсп Induetive 


Deren, W/D=.25, and - =1.0 
2 


ЦЕ 





„0 





1 
| 
| 
] 
ec 
| 
| 
| 
f 


ወ ው ወ ወ ቹ ወ ወ ወ ወ ወ ፁ ወ ወ ወ ቁፍ ቁፍ ው ቁ ወ ቁፍ ወ ው ወ ው ።» ው ወ ወ ው ፡ ወ ወ ው ወ ው ወ ወ оо оо ое чо ро ао ло е оо 5% э Фе = ® a nn nn ne 


0. ወ ወ ወ ው ሠ ወ ወ ው .= ሕ = ውፍ ወ ወ ቹ ወ ው ወ ος ወ ው ወ ቹ ወ ወ ወ ወ ቹ ወ ቅ ወ = = = ወ ሠ ው ሠ ቁ ወ ሕ ወ ወ ሠ ሠ  ቱ ሠ ሠ ሠ ሠ ሕ ሠወ ው መሠ ወ ው ወ * ሠ ወ” ሠ ው ው ወ ወ ወ ሠ ሠ ሓ. ሠ ሠ ወ” 4 ሠወ ሠ ሠ ሠ ሠ ወ ወ ወ ወ ወ ቅ ወ ሠ ወ ሠ ሠ ሠ ወ መሠ ወ ወ 9 ወ ወ ሠ ወ ወ ”=.ሠ = ө = 


"ወ. ወወ ወ ወ ወ ወ ወ ወ ሕ ው ወ ወ ወ ው ወ ው ወ ወ ወ ውቅ ው ወ ወ = ወ ወ ወ ው ወ ወ 8 ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ቅ ወ ፡ ዊወ ወ ወ ወ ወ ወ ው ወ ቅ ወ ወ ወ ወ ወ ወ ወ ሠ ሠ ወ ቹ ወ ወ ሠ ወ ወ ወወ ወ ወ ውወ ወ ወ ው ወ ወ ቹ ወ ወ ወ ሠወ ጭቁ ጭሑ ሠ ወ ሠ” ቹ ወ ሠ ወ ሠ ሠ ቅ э э э э = = ° е э = 


ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ= ቅ ወ ወ ወ ወ ወ ወ ወ e... ዔፍ ወ ቹዋ ቹዋ › ወ ወ ወ ወ ወ ወ ሕ ወ ወ ወ ወ ወ ወ ወ ወ ወ ሠ ሕ ወ ወ ሠ ሠ ወ ው ወ ሠ. ወ ወ ቁ ወ ወ ወ ሠ ሠ ሠ ወ ሠ ሠ ወ ሕ = = = = = = еэ ወ ወ ቱ ሕ ቱ ሠ ወ ሠ ሠ ሓ ወ ሠ ወ =ሠ.ቅ ‹ ሠ ሠ ሠ ወ ወ ሠ ሠ ሠ ሠ ቅ ወ ሠ ወ ወ ወ ወወ ወ = = 


ወ ወ ፍ ወ ፍ ወ ጭ ፡»ወ ወ ወ % ወ ወ ወ ወ ወ ውጭ ወ ቹ ሠ ወ ው ወ ው ውወ - ወ ው ሠ ወ ወ ዊ ወ ወ ወ ፍቹ ወ ሠ ወ ወ ወ ወ ዌቹ ሠ ወ ወ = ሠ ወ ወ ሠ ወ ወ ዊብ ወ ሠ ወ ወ ወ ው ወ ወ= ሠ ወ ቹ ወ ар ወ ወ ወ= ወ ው ወ ሠ ወ ወ ው ወ ወ че ወ ወ ወ ሠ ራሥ ሠ ወ ሠ” ሠመ ሠ ወ ወ ዊ ሠ ሠ ወ ሠ ሠ ጭው ወ = = ወ 
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Figure F-32 ЕЕ 


πι πρ 5= 525. апа Е = 
2 


v.s. Frequency for T=0.5 inch Inductive 


114 





1.0 





ወ ወ ወ ወ ወ ቹ ወ ወ ቁ ወጅ ወ ወ ሠመ ወ ወ ቁ ቁ ሠመ ወ ቁ ወው ወ ወ ቁ ወ ቁ ወ ቱ ውፍ ወ ቱ ዐ ወ ወ ወ ቁ ቁ ውጭ ወ ፥* ወ ቁ 9 ውወ ቁ ወ ወ ወ ወ ወ ወ ወ ወ k. መራ ወ ወ ሠ ወ ወ ሠ” ወ ወ ቅው መ= ወ ወ ወ ወ ።ሠሦ ወ ወ ወ ወ ቁ ሓቁ. ወ ወ ወ ሠሖ ወ ሠ” ወ ወ ሠ ቅ ወ ወ መ=ሠ ® = ® == = 6 ое ሠ ወ መጭ ወቁ э з= + 


Ὁ о ወ» ወ ወ ወ ወ ወ ወ ው ቁ ወ ወ ወ ወ ወ ቁ ወ ወመ ወ ዊ ወ ቁ ፡ወ ሖ = = ое = ә Ф® ቤ ወ መው ውጭ ወ ወ ወ ው ው ወ ቹ ውጭ ው ወ ወ =® ወ ውጭ ወ ወ ውፍ ው ወ ው ወ ፍጭ ቁ ውፍ ወ ውወ ወ ወ ወ ወ ው ወ е е се е ое ዌብ ሠመ ውጭ ወ ወ ቁ ቁ ወ = ሓመ ወ መ ወ ወ ወ ወ ፍጭ ወ ቱ* ወ ወ ወ ቅ ወ ወ ወወ ወወ ወቁ ወወ 
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Figure F-33 Е Var Reqliemeysror T 05 ποπ Inductive 


ደከ ከ и он tana e =" =1.0 
27 


PLS 





1.0 





• . э = = ወ ወ ወ ቃ 98 ሐ ወ ው ወ ወ= ወ ወ ሞ ወ ወ ሎው ሠ፡ወ ወ ወ ወ ፍ ወ ወ ወ ወ ወ ወ ወ ወ ወ ው ፍ ወ ሠ ወ ወ ወ ቅውቕ ወ ወ ፣ዋ ወወ «э э э = Ә ወ ወ ወ ፍ ወ ወ ሠ = э э 5 ὦ э э еэ ወ ሠ ወ ወ ፍ ፍ ሬ ወ ወ ወ ወ ወ ሠ ወ ወ ወ ወቅ ሠ ወ ሠ ወቁ ወቁ ወወሠወ ቄ ወ ወሠ”> c IL 
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Figure F-34 re М5, еее, rop Tz0.1 inch Inductive 


р. ми р=.2, апае =1.0 
το 


ТБ 





1.0 
-“ከተተ 
| 


se dip 


ው.ወ ወ ወ ወ ወ ወ ወ ወ ወው ውጭ ወ ወ ወ ወ ወ ወ ወ ወ ቁ ወ ወ ቱ ወ ወ ወ ወ ወ ወ ወ ውቅ ወ ወ ወ ወ ወ ወ * ወ ወ ቀ ው ወ ቀ ወ ወቀ ወ ወ ሠ ወ ወ ወ ቁ ወ ወ ወ ወ ሠ ሠ ወ ወ ወ ወጩ ወጩ መ ወ ወ ሠ ወ፡ሠ ቀ ወ ው ቀ ወ ወ “መወ ወ ወ ሠ ሠ ወ ቀዋ ወ ሠ" መወ ወ ዋ ሠ ወሠ ሠ mocos. 


ወ ወ ቕ ወ ወ ወ ጩ ወ ወ ጩ 8 ወ ወ ቁ ቹ ወ ወ ወ ቀጭ ው ቅ =» ው መወ ወ ወ ወ ወ ወ ወ ው ወ ቁ ቀ ወ = = Ф® ሠ ወ ወው ወ ወ ወ ወ ቀ ወ ወ ወ ወ ወ ቅ ሠ ወ ሠ ሠ ሠ ሠ ወ ቀ ወ ቃቱ 9 ወ ወ ወ ወ ወ ወቀ ወ ቀ ወ ቆ ወ ቱ ወ ወ ወ ፍጭ ወ ወ ወ ቅ ሠ ሠ ወ ሠ ወ ወ ወ ሠ>ወ ወ ው ወ ወ ወወ ወወ е сее 


ወ ወ ቀ ቱ ወ ወ ወ ወ ወ ወ ወ ወ” ወ= ወ ሐ ወ ቁ ጭወ ወ ወ= ቅ ወ ወ « ወ ወ ቁ ወ ወ ወ ጭቅ ወ ወ ወ መቀ ወ ወ ዊዋ ወ 8 ቀ ወ ወ ወወ ወ ሠ ወ ወ 8. ወ ወ ወ ወ ውጭ ወ ወ ሠ ወ ወ ቅ ወ ወ ወ ወ * ወወ ውጭ ቅ ው መ መ ወ ወ ሠ” ሠ ወ ወ ቁ ዋ መ ሠ ሠ ሠ ሠ ሠ ሠ ሠ ወ መ ቆ ወ ወ « ወ ወ *ወ ወቃው 


тое ое ጭ ወ ወ ው ው ው ወ ወ ወ ቀ ወ ወ ሑ ቅ ሠ” ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ «+ ወ ወ ወ ወ ው ወ ወ ወ ወ መሠ ሠ ወ ወ ቀ ውቅ ፍ ወ ቀ ሠ ወ ሠ ሠ ሠ ሠ ቱ ው ሞ ወ ወ ወ ሠ“ = = = еэ ቁ ወ ወ ወ ወ ወ ወ ሠ ወ መ መወ ቀ ሠ ሠ=፤.ወ ቱ ወ ወወ ወቅ 5ο... ος 


= ጩ ወ ወ ወ ወ ውጭ ወ ወ ወ 8 ወ ወ ወ < < еэ ወ ወ ወ ወ 8 ወ ወ +» ወ ወ ወ ወ ወ ወ ወ ቅ о ሠ ወ ወ ወ ወ ወ ሠ ሠ ወ 8 ወ ወ ወ ወወ ወ ወ ቱ ወ ወ ውቅ ወ ወ ወ ወ ወ ወ ወ * ወ ሠ ቅ ቱ ወ ቀ ወ ወወ ወ ወ ቱ ቆ ወ ወ ወ ወ ሠ- ወ ወ ወ “መሠ ቅ ወ ጭ ፍቹ * ቀ ወ ወ ወሠመወ ቅ ወወ ወቱወወወ ወወወ 
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Figure F-35 ERI V.S. Frequency for T=0.2 inch Inductive 


Strip, w/b=.2, and En ed 
2 


Ji / 





1.0 


| 
| 
ΙΙ 
| 
|| 


6 ወ ወ ወ ወ ወ ቁ ወ ወ ሐ ቅ ው ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ 9 ወ 9 ወ * ቹ ወ ወ ው * ወ ውወ ው ወ ወ ወ ወ * ወ ወ ቹ ወ ቹወ ጭ ወ ወ ወ ወ ቁ ው ወ ወ ወ ወ ወ መ“ሙወ ወ ፡=> ቁ ቁ ወ” ወ ወ ሠ ወ ወ ወ ወ ወ ቁ 9 ውጭ ወ ሠሖ ሠ ወ 9 ወ ወ ወ 9 ወ ሠ * ወ ወ ሠ ሠወ ወ ወወ ቁዋ ሖ ወ * = э э = эъ = = 


ወ ው ው= ወ ወ * ወ ቁ ወ ወ ቅ ው ወ ወ = ወ ወ ወ ወ ወ ወቅ ወ ወ ወ ወ ቁ ወ ቁ ወ ወ ወ ቅ ወ ወ ወ ወ ሠ ሠ ቁጭ ወ ወ ወ ቅ ፁ ወ ወ ወ 9 ሠ ሠ= ወ ወ ወ ቅ ሠ- ወ ወ ወ => ወ ቁፍ ወ ፍ ቁ ቅ ወ ቁፍ ወ = ወ ወ ወ መ ወ ወ” 8 ሠ ® ወ” ወ" ሠ ው ወ ው ወ ወ ፡ ወ ወ ው ው ወ ው ወ ወ =  Φ = = = = == э э э ᾱ 
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Figure F-36 
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IS. il пе ብ. ከቢ. „5 inch Inductive 
Ел πο. and En =1.0 


ወ ወ ወ ው ው ወ ወ= ወ ወ ወ ቅ ወ ወ ፍቹ ወ ወ ወ ወ ወ ወ ወ ቅ ወ ወ 96 ወ ወ ወ ወ ወ ወ ወ ውፍ * ወ ወ ው፡ው Ф® ሠ ወ ወ ፁ ፍቁ » ወ ወ ወ da ሠ ወ ወ ወ ወ ወ ወ ወ ® ә ውጭ ወ ወ ውጭ ወ ወ ሠ ሠ = # ә = ® = = ® = ® = = ወቃ = >= ው ወ “ >= 9 ወወ ወመ» = = = = = = = = = э 


ወ ቁ ወ =» ወ ወ ወ ወ ወ = ወ ወ ወ ወ ው ወ ው ወ ወ ወ ውቁ ወ ወ ወወ ወ ወ ወ ወ ወ ወ ፅ ወ ወ ወ ወ ው ወ ወ ወ ወ ወ ፍቹ ወ ወ ወ ውጭ ወ ወ ወ ወ ወቹ ው ው ውጭ ቹ ወ ውጭ ወ ሠ ወ ወ ሑ ወ ው ወ ወ ውጭ ወ ወ ወ ወ ወ ወ ወ ኬኔ ወ ሠ ሠ ወ ሠ ሠ ሠ ሠ ሠ ሠ ው ወ ሠ ው ሠወ ሠ ወ> ወ መወ ሠ ወ ወ ወ ~ < ወ ው ወ ው ወ 


Jo 








<<. э» э ө ә =» э ә ә Ф® ооо ое осо ооо оф ооо о = = = э = Ф®Ф ራፁ ወ ወ ወ ወ ወ ሖ ወወ ወ ወ ሖ ወ ወ ሠ ወ ወ ወ ወ ወ ወ 3» ወ ሠ ወ ወ ወ ወ ሠ ወ ጭ ሠጭ * ወ ወ 9 ሠ ሠ = = = = е ® = = = = в = = = = д ато ето а ә ә а 


= ወ ወ ቹወ ወ ወ= ወ ወ ወ.= ቁ =- ሠ ወ ወ ጠ ወ ወ ወ ө = ф ® = = =» а = =» ሓዉ ወ ወ ወ ወ ወ ወ ፡ ወ ጭ ወ ወ ወ ወ ቅ ውጭ ቁ ወ ወ ወ Фф ወ ሠ ሠ ሠ ህ ወ ወ ወ ውጭ ወ ወ ወ ውጭ ወ ወ ወ ወ = ውወወ ሠ ወ ሠ“ ወ ወ ወ ወ ወወ ос а а ао о 6 ሠ ወ ወ ወ ወ ወ “ወ ወ ወ ወ ወ ወ ወ е е е е е е 


ወ ወ ወ ወ ወ ወ ወ ወ ሠ ወ ቅ ወ ሠ=ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ = = =. ወ ወ = ወ ወ ሠ ወ ወ ወ ወ ወ ወ ውጭ ወወ ወ ወ ወ + ፒ= ወወ ወ ወ ወ ወ ወ ቹ ወ ወ ወ ወ ወ ወ ሠ ወ ወ ወ 9 ወ + ጭፍ ወ ወ ወ ወ ወ ጭ%ጭ ወ ቕቆ ወ ወ ሠ ሠ ጭ ጭ ቁዋ ወ ሠ ሠ ው ወ ሠ ሠ ሠ ቁ ው ®= - ὢ ወ ወ ወ ወ ጭወ ወጭ ወወ 


2 ወ ወ ወ ወ ወ ወ ወ ወ ወ ው ወ ወ ወ ሠ ሠ ሠ ው ወ መወ ው ወ ወ ወ ወ ወ ወ ወ = ወ ወ ወ ውጭ ወ ወ ሠ ው ወ ወ ወ ወ ው Фф መ ወ ሠ ሠ= ሠ ጭ ወ ጭ ወጭ ው ሠ = ет ጭ ወ ወ ወ ወ ወ ወ ወ ጭ ወ Фоо + ፍጭ = ወ ወወ ወ ው ወ ጭ ሠ ወ ወ ሠ ሠ ው ሠ ወ ወ ወ ሠ ወ ወ ወ ወ ወ ወ ወ тоо ооо ее о е 
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10. ወ ወ. ወ ወ ወወ ወ ው ወ ወ оо ооо ооо ооо ооо оо фо ооо о. бо ооо =ወ ወ ወ ወ ወ =- ሠ ወ ወ ወ ወ ሠ ወ ወ ወ = ወ ወ = ወ= መወ ወ ወዉ = 9 = ወ= ወ ወ ወ ወ ወ ወ ወ ወ ቹ ወ ው ወ ወ ወ ወወ መሠ ወ ቹ ወ » ወ ወወ ወ ወወ ወወ 
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Figure F-37 nl ие в т τπεπ Inductive 


απο ο, αρα = _=\.0 
22 


11) 








ወ ሑ ወ ወ ወ ወ ወ ወ ወ ቁ ው ወ መ= ‹” ው ወ ወ ወ ወ ወ ወ 9 ወ ቱ ቁፍ ወ ቹ ወ ሠ ቁ ቁ ወ 93 ቹ ወ ወ ሠ ወ ወ ወ ሣሠ ው ቹ ቅ ቁ ፍቹ ወ ሠ ወ ወ ቁ ወ ወ ሖ 9 ወ ወ ወ ወ ወ ቁ ሠ ሠ ወ ወ ው ወ ሠ ወ ቱ ቱ ሠ ሠ ወ ወ ሠ ወ ሠ ወ  ሠወ = = == = = = = э ወ” ወ ሠ” ወ ወ ወ ወ ቆ = ቱ c 
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Figure F-38 En и τον 70.1 inch Inductive 


Sep.) w/ b=. 15 and E, =1.0 
2 


Ina 





ШЕШ 


=. + = е э е э э фе е е 


ወ ወ ው ወ ә ә ወ ወ ወ ውሇወ ወ ወ ወ 


ወ ወ ሞዌሞ ወ ዌ9ዌ ወ ወ ወወ а 85 о о = е 
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-— ወ ው ሐ ወ ወ ወወወውህ» ወወ ወወ 


0.0 


ІЗ 8.0 


Figure F-39 


ወ ው ወ ፍቁ ወ ወ ወ ወ ወ ወ ወ ወቁ ው ወ 





э 
-ቴቭ 
| 

E 


ወ ው ወ ሐ ው ፡ ዕ ወ ወ ወ ወ ወ ወ ወ ወ ወ ወ ፅ ወ ወ ወ ፍቹ ወ ወ ወ ወ ወ ው ፅ ወ ወ ወ ወወ ወ ወ ወወ ወ ወ ወ ወ ወ ወወ ወ ህወ ወወ <ኋ ፁ ው ው ሠ ው ወ ወ ወ ወ ወ ወ ዊ ወ ፍቹ ወ ወ ወ ወ ው ወ ወ ው ሠወ ሠወ ወ ሠ о ооо о фо с ое + +<« = 


. ወ ወ ወ ወ ወ ው ወ ው ወወ ቹ ቁ =» ወ ወ ወ= ው ሑሐ ወ ወ ወ ቁ ው ወ ቁ ወ ወ ቅ = ወ ወ ወ ወ ወ ወ ወ ቁ ወ 9 ወ ወ ው ው ወ ወ ወ ወ ፁፍ ወ ወ ሠ ወ ወ ሠ ሠ መሠ ወ ሠ = @ = э е ә = = ә = ә = 893 = е = = = = = == ө ቅቆ ሠ ው ወ ው ወወ መወ ወወ 


ው ወ ወ ወ ወ ወ 9 ® ውጡ 9 ወ ወ ፍ ወ ወ ወ = + ወ ወ ወ ው 9 ወ ው ው ወ 5 ቅ ወ ወ ወ ወ ወ ሠ ው ወ ወ ወ 9 ወ ው ә =» ወ ው ፍ ወ 9 = 93 ሠ ወ ወ ው ወ ወ ወ ወ ወ 9 $ = ә э ө = “ ሠ  * ወ ው = ሠ ው ሠ” ሠ ሠ ው”ፓ፡ሠው> ወ ቄ መ> ው чш = ወ ወ ወወ ወወ 


ወ ወ ወ ወ ወ ቁ ው ቁ ወ ወፍ ወ ው ወ ወ” ወ ወ ው ወ ወ ወ ወ ወ ወ ወ ቹወ ወ ወ ቅ ወ ወ ወ ወ = ወ ወ ወ ወ ወ 5ቆ ወ ሠ ወ ው ወ = ө = ወጭ ወ »ኮ ® еә ወ ወ ወ ወ ወ ወ ወ ወ ዱጹይ ሠ ሠ ዊ ሠ ወ ወ ሖ ወ " ወቅፍ መ ው ወ ው መ> 9 8 ወ ወ ወ ቆ ሠ ወ е ө э = е э = 


ው ወ ው ወ = ә ሌሴ ወ ወ ж ө ®ъ ወ ወ ወ ወወ ቅ ፍቁ ወ ቁ ቁ ወ ወ ቁጭ = э ө 943 ወ ቁ ቁ ወ ሑጭ ቁ ወ ቁጭ ወ ወ ውቆ ወ ቅ ወ ወ ወ ው ወ ወ ወ ወ ቅፍ ወ ወ መ” ወ ወ ወ ወ ወ ሠ” ወ 6 ወ ው ወ ә = ч еә = = ሠ” ሎ ው ወ>- оо ое = ә ө = $ = = Фф ә еэ ው т ወ= ወወ 
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